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Smq ? ' ^ apparatus for fabricating and drying wafers (13), including micro-electronics mechanical systems 

(^EMS) smictures. m a second supercritical processing fluid environment The apparatus utilizes an inverted pressure vend (11) 
nX and? T P TT g ?" id SUpply Md recove * s y stem ' with » ^ exchanger (9) connected to extend 

LK^raTT ^ « a ven i caUy movable base (10) - A wafer * (14) confi ^ d tor "W"** 

mulUpIe wafers (13) is submerged m a first processing fluid within a container (12). which is installed on the base elate O0) for 
insertion onto the pressure vessel (1 1). Vessel (II) inlet (2) and outlet (5) tubes extend vertically downed fromTe S Z 

of the pressure vessel (1 1) to the inside of the container (12) and nearly to the bottom of the container (12) 
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hor two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 
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SUPERCRITICAL FLUID DRYING SYSTEM 

This application relates to pending applications US60/155.454. filed 9/20/99 and 
US09/632770, filed 8/4/00. ' ™* 

BACKGROI TND of Tup ^^p^rr^ 
TEC HNICAL FIELD OF TKF INVRMTTOM 

This invention relates to methods and apparatus for the fabrication of micro-electro- 
mechanical systems (MEMS), micro-opto-mechani C al systems (MOEMS), surface micro 
machined systems, and similar wafer-mounted microbes; and in particular to methods 
and apparatus for applying supercritical fluid drying techniques in the fabrication of 
microstructures. 

BACKGROUND ART 
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One method of manufacturing micm-electro-mechanical systems (MEMS) based 
dev 1C es is Sacrificial Surface Micromachining (SSM) or surface micromachining Fig , is a 
pnor art illustration of a simple "anchored" SSM silicon based production process. In Fig 
la a substrate, such as Silicon, is deposited with a sacrificial material, such as grown 
S,hcon Dioxide or SiO, In Fig. lb, the sacrificial materia, is etched to open a ho.e for the 
anchor of the structure. In Fig. ,c, a structural materia, such as polysilicon is deposited on 
the sacrificial material. In Fig. Id, the sacrificial material is etched away to release the 
structural layer, creating the microstntcture. Th ese steps can be „ ^ ^ m 
complex multilevel structures. Although Si0 2 is a common material for a sacrificial layer 
other materials like photoresists may be used in other applications. 
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^ dT 77 of to sacrificial ma,erial or sacrificiai ^ <* - 

merhods ■ e wafer has ,„ be rinsed to remove any residua, tr aee of the etch ,i quid . IUnsing 
usually ,s done with detonized water, which causes the problem of stiction upon d^ing. 

5 S,ic,i„„„ r adhesion occurs when a "released" stmchue adheres to another surface 

F.g. g.ves a visual represent of s,ic.io„ and how ft is generated. Fi g . 2a, shows a 
property released cantileverad polysilicon baan, with rinsing ,i qu i d stU1 lrapped under u 
F.g. 2b, shows how ,he cap lUaI y force generaKa upQn ^ ^ ' 

beam towards the silicon substrata Fio o„ u . 

j . bStmte ' Flg - 2c ' shows how the beam sticks to the substrate 

1 0 rendering the device flawed. 

The capillar force, responsible for the defection of a beam upon drying as 
illustrated ,n F,g. 2, is represented by the following equation: 

where r is the suafcee region of the riusing liquid. A is «he surface area <ha, ,he bean, shaaes 
wfth dre substrate, h is da. he ig h. of dre g ap baween * surface of ^ ^ ^ fc 
beam, and 8, and 6 2 are dre comae, an gles of * e rft, sing liquid ^ ^ „ 
beam, respectively. 

Itee a. »o memods of controlling d* capiHa^ f orce , (i) gating to CODBCt 
angle of dre rinsing liquid by modifying dre s^fae, tension of ft. rinsing liquid , or (ii) 
reductng or eliminating dte surface tension y. Tne first method can only minimize me 
eaptllaty force since the condftiona of the surfaces in contact with me rinsing ,i qui d 
detenmning the contact attgle, can vary. In addition, the condftion „f me rinaing liquid can' 
vary dunng its use and may lead to unpredictable atiction and loss of yield 
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Working ,o find improvement io dte rolled release of mjcrosm , ctures 
su^uen, sucldng of fee slmctoes „ fc ^ ^ ^ 

Cahfotn* a, Beriteley have developed a process for drying silicon wafe ,„ . 

Hind environment. In it's supercritical stats 

P rcmteai state, T , a* surface Knsl0n fa ^ ^ therefore 

captta, forces cannot be buii, up as can no easily seen in the eouation. ,f it is now p „ ssible 
.o keep the environment sounding me stntcmre in a state with r - 0 daring the „ho,e 
drytng process, stiction never occurs. The supercridcal flujd of ^ ^ 
dtox.de, due to its low cridca, point, determined by a cridcaj temper T c of 3 ,, degrees 
cenngtade and a criticai pressure * of 1 073 pounds per square inch over atmosphere. 

Before CO, can be applied for drying an iaKlmolime procKS ^ 
tn^oduced based on the fact, that water, the rinsing liquid applied after the sacrificiaJ etcb 
step, ts no, miscible with CO, After rinsing, when te wafer sti|1 „ „ e , ^ ^ 
has ,„ be replaced by a materia, ,ha, is m ,sci bl e „i,h CO, This material ctm be meutanoi or 

any other material that is to 100% miscihle with v ^ 

uu mtsctble with CO, Furthennore, the wafer has to be kept 

submerged in methanol dB it fa safely deposited in the process chamber. 

Using mis labotatory medtod, a silicon wafer containing a patten, of microelectronic 
structure, having been fabricated in the conventional mamter, but with the added step of 
rcplacmg me rinsing liquid water by methanol, is induced into a pressure vessel, with a 
" -bme^ed in methanol. To KcompHsh ^ ^ ^ ^ . 

filled wtth memanol. Then the operaror q uickly Uansfers the wafer into the vessel while 
deftly attempting ,o maintain a ,i q uid layer of memanol on the wafer surface during this 
transport. The pressure vessel is men sealed, and a tough-flow of Uquid carbon dioxide is 
mnoduced for about ,5 minutes. The medtano, is rapidly absorbed into the liquid carbon 
dtoxrde and canied on, of me pressure vessel. When the vessel has been entircly purged of 
methanol and is complete* filled with puna liquid carbon dioxide, hea, is applied unifonnly 
for several minutes, causing the carbon dioxide to transidon ,„ its phase 
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It is at this point that the benefit of the process is realized, as no liquid/vapor interface 
occurs during this transition. The C0 2 is then slowly vented to atmosphere. With the 
temperature kept higher than the cntical temperature during venting, C0 2 does not experience 
a phase transition and remains in a state with the surface tension equal to zero. 

The prior art pressure vessel used in the laboratory setup for demonstrating this 
process is shown in Fig. 3. As is readily apparent from the figure, a vessel that can be opened 
m cross section and when closed is subjected to elevated temperature and pressure to this 
extent must be of substantial construction, with a locking mechanism adequate to safely 
sustain the total pressure applied. In the laboratory set up, a circumferential pattern of 8 bolts 
is used to secure the top to the base of the vessel, to contain the high pressure. Heat is applied 
to the vessel by external heaters, and ports in the vessel admit and remove the materials of the 
process. 



1 5 There are several obvious problems with die laboratory set up that must be addressed 

in order to make this process sufficiently cost-effective and efficient for use in a production 
environment. The device is not suitable for integration into a production line with automated 
means for inserting and removing wafers; there is no safe transfer mechanism to ensure that a 
liquid layer is maintained on the wafer during the transport or transfer process; the closing 

2 0 mechanism of the pressure vessel is manual and too slow; and the serially administered steps 
of the process are manually accomplished and too slow for production requirements. The 
device is also lacking the safeguards required by industrial standards and regulations for 
production requirements. 



25 



During manufacturing, once the sacrificial layer is removed, if for any reason the 
wafer becomes dry, it can result in stiction or adhesion of devices onto the wafer substrate. 
Hence the transport of wafer from one manufacturing step to another manufacturing step 
without causing stiction is always a problem, and usually has been dependent on operator 
efficiency resulting in low device yields. 
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SUMMARY OF THF. INVFNTTOm 



The mvent.cn, in its simplest form, is an apparatus and method for implementing and 
improving on the prior art methods for the drying of micro-eiectro-mechanical structures on 
silicon wafers or other substrate material or drying of wafers in general. 

It is therefore an object of the invention to provide a practical and safe production 
mechanism for the C0 2 supercritical phase drying of wafers, and of microstructures on 
substrates.. 



It is a further object to provide for emplacement of the wafers or substrates into the 
pressure vessel submerged in a first process fluid or rinsing agent such as methanol, and to 
then directly displace the methanol with a second process fluid also in a liquid state, such as 
hquid carbon dioxide, this being connected within the pressure vessel and without disturbing 
15 the microstructures. 



20 



25 



It is a yet further object to then elevate the second process fluid to supercritical state 
so as to cause the drying of the wafers with the benefits of the supercritical process, then 
reducing the pressure and temperature for recovery of the wafers. 

Still other objects and advantages of the present invention will become readily 
apparent to those skilled in this art from the following detailed description, wherein we 
have shown and described only a preferred embodiment of the invention, simply bv way of 
illustration of the best mode contemplated by me on carrying out our invention. 
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BRIEF DESCRgTTQN ™r THE DRAWINGS 

FIG. 1 is a pnor art representation of the sequential steps in the manufacturing of a typical 
Sacnfioal Surface Micromachined (SSM) microelectromechanical system (MEMS) based 
5 device. 

FIG. 2 is a prior an represent of ^ sttps ^ 

Sacnftctal Surface Micronrachinfag merhod for manufacturing MEMS ^ device 
expenencing stiction in the drying process. 
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HO. 3 is a pensive repression of >he prior art laboratory apparatus for demonsrrating 
the process of supercritical CO, drying of microstructures. 

FIG. 4 is a diagrammatic cross section view of the preferred embodiment apparent* of the 
15 tnvenrion, ilfasrrated with the base pla* in an open position relaI ive to the favened pressure 
vessel. 



HG. 5 is a diagrammatic cress section view of the embodiment of Fig. 4, fa a panfajly closed 
posmon where vessel tubes and comafaer tubes are extending downward, respectively ouiside 
2 0 and inside the container 

FIG. 6 is a diagrammatic cross section view of the embodiment of Figs. 4 and 5, fa a fully 
dosed position, with the vessel and container rebes extending respectively ,„ nearly the base 
plate and the bottom of the container. 
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FIG. 7 is a schematic representation of the fluid valve and piping assembly of the 
embodiment of Figs. 4, 5 and 6. 
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DESCRIPTION OF THF PRFFFPnrtn c. ,^ p „ fr , 



Theta ™«™i-^p.ib 1 eof m a„ y vanaao^.Accordi„gl y , t hedrawi„ g s„ 
Hlon, description of the prefer embodiment are t0 De regarded „ jllMra , ive 
nature, and not as restrictive. 



and 
in 



Refetcmg ,o Figs. 4, 5 and 6, they show a prefer embodiment of the apparatus of 
the _ „ its open, semi^n md closed ^ ^ 

ItlT P ' Ue ( ' 0) - <">• ntovabte; or 

wtdt bod, base piate and pressure chamber movable; or with pressure chamber ,„) he ,d 
sMtonaty and base p,ate (,0, being vertically movable. m mis prefelred em 
descnbe a summary pressure chamber and moveable base plate. 

An advantage of me inverted ptessum vesse! is me Auction of any particulates 
generated by a temovabie top and falling imo me pmcess environment. An advantage of me 
mveried, stationa,, vessel and movable base plate is the telative ease of elevating me base 
Plate K me vesse,, and the absence of flexib,e con.ec.ioos for supp.yi„g a.d .moving 
process materials from the vessel. 



Refemng ,o Fig. 6. i, shows base plate (,0) and pmssure chamber (I „ made of 
statnless stee, and Cectro-poiished. ^ p|a[£ ( , 0) ^ ^ ^ ^ 
ustng an O ring sea, „6, One or mom wafe. „3) am p ,aced in a wafer cassene (,4) wh,cb 
■s made of t.uar* or s^mess stee,. The wafer cassede is aligued .„ conminer (,2, usmg 

cassette alignment fixture (18). The container n i\ i a , , 
0 c container (12) is placed on the base plate (10) using a 

contarne, alignment fat me(,7, The container,*, is flfled with a process fluid (, 5) , such 
as mettano, or acetone. The choice of such fluid depends on its miscibflny with ,i,uid 
carbon dioxide. 

tad. for whtch externa, commotions am provided tKmugn heal exchanger ^ (7) _ ^ 
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exchange, outlet ,8). The system incotpmaes mptore disk (6) as a safety fea^e to prevent 
over pressurization. The system also contains four process fluid hues temdnare in 
verttcafly extending tubes telde te pressme ^ ^ ^ ^ ^ ^ ^ 

(2), container outlet tube (4) and .esse, ouflet atbe (5). Another .ine off the pressure vease, is 
provtded for initial air purging of the system; purge line (3). 

Refening to Fig. 7, the htyou, of different sysKm valves „,„, p|umbing fa ^ 
Rettervotr (28) contains CO, which can be provided to process chamber of pressure vessel 
(10) at constant presaures higher than the critical point of CO2. TTte tesetvoir pressure is read 
a. pressure gauge (27). TTte different components show. „„ me supply side arc the mtun 
reservoir vaive tow flow (19), main reservoir valve high flow (35), and inline filter (30) The 
different valves connected ,0 the chamber are the container inlet valve (21 ), vessel tale, valve 
(22), purge line valve (23), contamer outlet valve (24), vessel outlet valve (25), dual inle, 
valve (20), tecovery inlet .ine valve low flow ,31), and recovery inle, line valve high flow 
(34). Other components include ntpture disk for safety (26), chamber pressure gauge (32) 
chamber pressure transducer (33) and separator and recovety system (29). 

Describing now the methodology for using the apparatus, wafer cassette (14) 
comammg wafers (13) immetsed in methanol, is placed into a container ( 12) so that the 
hoard level is about 10 mm belowthe top of container (12), and about !0 mm above the 
.op of wafers ()3). The alignment of the wafer cassette ,„ the container is done via cassette 
ahgnmem fixture (18), and aligmnen. of the container .0 the baae plate is done via 
contamer aligtnnen, tame ( 1 7), assuring that the container and the wafens ttre repertory 
indexed to a precise location on base plate (10). 

The drying process is then started by pressing the start button on an associated 
control panel, not shown here but fully appreciated by those skilled in the art. The control 
panel display will prompt for any operator intervention and provides readout on process 
status during the drying cycle. Pressing the start button raises base plate (10). The base 
Plate and pressure chamber (1 1) meet and are sealed via o-ring (16), and a locking 
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mechanism (not shown) is actuated to provide suitable resistance to opening of the pressure 
vessel under all process operating pressures. 

As noted, pressure vessel (1 1) has multiple process material supply and removal 
hnes that penetrate the vessel wall. Companng Fig, 4,5, and 6; notice that when base 
Plate (10) ,s raised, vertically extending container inlet tube (1) and container outlet tube 
(4) which protrude downwardly from the roof of the chamber of pressure vessel (1 1) enter 
container (12) and extend to nearly the bottom of the container as base plate (10) is raised 
mto place. At the same time, vertically extending vessel inlet tube (2) and vessel outlet 
tube (5) also protrude from the roof of the chamber of pressure vessel (1 1), not entering 
container (12) when the base plate (10) is raised, but extending outside the container nearly 
to the base plate, outside container (12). 

Once the chamber of pressure vessel (1 1) is completely sealed, the main reservoir 
valve low flow (19), the dual inlet valve (20), the vessel inlet valve (22), the purge line 
valve (23), and the vessel outlet valve (25) are opened. The container inlet valve (21 ) and 
the container outlet valve (24) are closed. The recovery inlet valve low flow (3 1 ) and 
recovery inlet valve high flow (34) axe both closed. It is important to pressurize the vessel 
slowly to avoid turbulence that might damage the microstores on wafers (13) Carbon 
dioxide is introduced into the pressure chamber at a very slow rate, aud the chamber 
pressure is monitored via readout from the pressure gauges (27), (32) and pressure 
transducers (33), (36). Since CQ 2 is heavier than air, it slowly pushes air out of the 
chamber through purge line (3). This ensures the removal of air from the chamber. Purging 
is done until the chamber is completely filled with C0 2 and all air has been exhausted. 

Next, the purge line valve (23) is closed, and the chamber is pressurized to about 
700 psi. When 700 psi pressure is achieved, main reservoir valve high flow (35) is opened 
and the chamber is pressurized faster to go to 1 100 psi. Once the desired pressure is 
achieved, which is monitored via chamber pressure transducer (33) as well as chamber 
pressure gauge (32), the dual inlet valve (20), and vessel outlet valve (25), are closed The 
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system at this point contains methanol contained in the container and liquid C0 2 , 
surrounding the container in the chamber. 



The next step is removal of methanol from the system and its replacement with 
hqmd C0 2 . To do this, the container outlet valve (24), and the recovery inlet valve low 
flow (31), are opened, whereas vessel outlet valve (25) remains closed. The siphon action 
of the container outlet tube (4) ensures the flow of methanol from the vessel to the 
separator and recovery system. During this process step the methanol is continuously 
replaced by liquid C0 2 . The constant flow of C0 2 via the vessel inlet tube (2) into the 
chamber finally results in removal of methanol from container (12). 

The line coming from the recovery inlet line valve low flow (3 1) is monitored for 
end pomt detection to determine when the methanol has been replaced completely Once 
no methanol is present, al, system valves are closed. At this time the chamber is filled with 
liquid carbon dioxide at 1 100 psi. 

Next, using heat exchanger (9), the C0 2 in the pressure vessel is heated to about 35 
- 40 degree centigrade to transform the liquid C0 2 into it's supercritical state. A 
thermocouple (not shown) is mounted within pressure vessel (11), which provides 
temperature information back to a system control computer. As heat is applied and the 
temperature of the C0 2 is raised, there is a corresponding increase in pressure. If the 
pressure reaches a value above a set point pressure calculated to be the maximum safe 
operating pressure for pressure vessel (11), the recovery inlet high flow valve (34) is 
opened to relieve the pressure. 

Once the supercritical state is achieved, the container outlet valve (24), vessel outlet 
valve (25), recovery inlet valve high flow (34), are opened to achieve atmospheric pressure. 
As soon as the atmospheric pressure is achieved, the heat exchanger switches to cooling 
mode to bring the vessel to less than 25 degree centigrade. This ensures that at the start of 
the next cycle, the vessel will be at lower than critical temperature condition. The pressure 
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vessel can now be opened, and wafer carrier n4^, B u 

Ier Camer ( 1 4 > can be removed manually or by automatic 
means, leaving the system ready for the next drying cycle. 

As will be realized, the invention is capable of other and different embodiments 
mduding configurations adapted to handling wafers honzontally, as in a vertical stacked 
wafer cassette. Its sevenal details are capable of modifications in various obvious respect, 
all without departing from the essence of the invention. 

For example, there may be an apparatus for drying wafers in a supercritical 
environment, consisting of an inverted pressure vessel, a horizontal base plate a wafer 
cassette configured for supporting at least one wafer for drying, a container sufficiently 
large to submerge the wafer cassette and at least one wafer in a first process fluid such as 
methanol, and where the container is also sufficiently small enough to fit on the base plate 
and within the pressure vessel. The apparatus may include a way for aligning the wafer 
cassette within the container, such as a simple fixture on the bottom of the container, and a 
way for aligning the container on the base plate, again such as a simple fixture on the base 
plate. The apparatus may also have an elevator or screw assembly or other lift and lock 
mechanism for bringing the pressure vessel and base plate into a closed and sealed 
relationship. 

The apparatus may farther include a way for dispfaciug the air in me pressure vessel 
wtth a second process fluid in a gaseous state, such as Carbon Dioxide, and a way to 
elevate the second process fluid fo a liquid srate, and rhen displace ,he firs, process fluid in 
Ore container with the second process fluid withour any intervening comae, of tire wafer by 
tu, or odrer subs,ances. The apparatus may further include a way for elevafing ,he second 
process fluid ,o a supercritical aafe, and me. reducing pressure in me pressure vessef ,o 
amb,e„, pressure. There may also be a way for cooling ft. remaining second process fluid 
to below its supercritical temperature. 
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Another example of the apparatus within the scope of the invention includes 
vertically downwardly extending vessel inlet and outlet tubes, where the tubes terminate 
outside the container and near the base plate, and a purge line outlet and associated valve at 
the roof of the pressure vessel. There may also be vertically downwardly extending 
container inlet and outlet tubes, where these tubes terminate inside the container and near 
the bottom of the container. 

In yet another example, the pressure vessel may include an internal capability for 
heating and cooling, such as a heat exchanger connected to external sources of heated and 
cooled fluids, so that it can be operated in a heating or cooling mode. There may also be a 
purge line at the top of the pressure vessel and an associated purge line valve for venting 
the pressure vessel. And the apparatus may be set up with associated equipment for 
automatic loading of the pressure vessel with wafers submerged in the first process fluid. 

As yet a further example, there is within the scope of the invention a method for 
drying wafers in a supercritical environment, consisting of using an apparatus of the 
invention and aligning a wafer cassette within the container, submerged in a first process 
fluid, aligning the container on the base plate, bringing the pressure vessel and base plate 
into a closed and sealed relationship, and displacing the air in the pressure vessel with a 
second process fluid in a gaseous state. The method may include elevating the second 
process fluid to a liquid state, displacing the first process fluid in the container with the 
second process fluid in its liquid state. The method may then include the steps of elevating 
the second process fluid to a supercritical state so as to dry the wafers, then reducing the 
pressure in the pressure vessel to ambient pressure, and cooling the second process fluid to 
below supercritical temperature. 
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CLAIMS 



Among our claims are the following: 

5 1 . An apparatus for drying wafers in a supercritical env.ronment, comprising: 
an inverted pressure vessel, 
a horizontal base plate, 

a wafer cassette configured for supporting at least one wafer for drying, 
a container sufficiently large to submerge said wafer cassette and said at least one 
0 wafer in a first process fluid, said container also being sufficiently small to fit on said base 
plate and within said pressure vessel, 

means for aligning said wafer cassette within said container, 
means for aligning said container on said base plate, 

means for bringing said pressure vessel and said base plate into a closed and sealed 
relationship, 

means for displacing the air in said pressure vessel with a second process fluid in a 
gaseous state, 

means for elevating said second process fluid to a liquid state, 
means for displacing said first process fluid in said container with said second 
process fluid in said liquid state, 

means for elevating said second process fluid to a supercritical state, 
means for reducing pressure in said pressure vessel to ambient pressure, and 
means for cooling said second process flui/to below supercritical temperature. 

2. An apparatus for drying wafers according to claim 1, said means for displacing the air in 
said pressure vessel with a second process fluid in a gaseous state comprising vertically 
downwardly extending vessel inlet and outlet tubes, said tubes terminating outside said 
container and near said base plate, and a purge line outlet and associated valve at the roof 
of said pressure vessel. 
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3. An apparatus for drying wafers according to claim 1, said means for elevating said 
second process fluid to a liquid state comprising means for increasing pressure within said 
pressure vessel. 

4. An apparatus for drying wafers according to claim 1 , said means for displacing said first 
process fluid in said container with said second process fluid in said liquid state comprising 
vertically downwardly extending container inlet and outlet tubes, said tubes terminating in 
said container and near the bottom of said container. 

5. An apparatus for drying wafers according to claim 1, said means for elevating said 
second process fluid to a supercritical state comprising a heat exchanger within said 
pressure vessel for increasing the temperature of said second process fluid. 

6. An apparatus for drying wafers according to claim 1, said means for reducing pressure in 
said pressure vessel to ambient pressure comprising a purge line at the top of said pressure 
vessel and an associated purge line valve for venting said pressure vessel. 

7. An apparatus for drying wafers according to claim 1, said means for cooling said second 
process fluid to below supercritical temperature comprising switching said heat exchanger 
to cooling mode. 

8. An apparatus for drying wafers according to claim 1, further comprising means for 
automatic loading of said pressure vessel with said wafers submerged in said first process 
fluid. 

9. An apparatus for drying wafers in a supercritical environment, comprising: 

a stationary inverted pressure vessel, 

a vertically movable horizontal base plate, 

a wafer cassette configured for supporting at least one wafer for drying, 
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a container sufficiently large to submerge said wafer cassette and said a, leas, one 
wafer ,„ a firs, process (Md, said container aiso being sufficiently small to fit on said base 
plate and within said pressure vessel, 

means for aligning said wafer cassette within said container, 

means for aligning said container on said base plate, 

means for elevating said base plate into a closed and sealed relationship with said 
pressure vessel, 

vertically downwardly extending vessel inlet and outlet tubes within said pressure 
vessel, sa,d tubes terminating outside said container near said base plate, 
means for increasing pressure within said pressure vessel, 
vertically downwardly extending container inlet and outlet tubes within said 
pressure vessel, said tubes terminating in said container and near the bottom of said 
container, 

a heat exchanger within said pressure vessel, and 

a purge line at the top of said pressure vessel and an associated purge line valve for 
venting said pressure vessel. 



10. An apparatus for drying wafers according to claim 9, further comprising means for 
automat, loading of said pressure vessel with said wafers submerged in said first process 
fluid. 



1 1 . A method for drying wafers in a supercritical environment, comprising: 
using an inverted pressure vessel with a horizontal base plate, 
using a wafer cassette configured for supporting at least one wafer for drying, 
using a container sufficiently large to submerge said wafer cassette and said at least 

one wafer in a first process fluid, said container also being sufficiently small to fit on said 

base plate and within said pressure vessel, 

aligning said wafer cassette within said container, 
aligning said container on said base plate, 
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bringing said pressure vessel and said base plate into a closed and sealed 
relationship, 

displacing the air in said pressure vessel with a second process fluid in a gaseous 

state, 

elevating said second process fluid to a liquid state, 

displacing said first process fluid in said container with said second process fluid in 
said liquid state, 

elevating said second process fluid to a supercritical state, 
reducing pressure in said pressure vessel to ambient pressure, and 
cooling said second process fluid to below supercritical temperature. 



12. A method for drying wafers according to claim 1 1, said displacing the air in said 
pressure vessel with a second process fluid in a gaseous state comprising 

admitting said second process fluid into said pressure vessel through a vertically 
1 5 downwardly extending vessel inlet tube terminating outside said container and near said 
baseplate, and 

exhausting said air through a purge line outlet located on the top-most part of said 
pressure vessel. 



13. A method for drying wafers according to claim 1 1, said elevating said second process 
fluid to a liquid state comprising admitting additional said second process fluid into said 
pressure vessel under a pressure at least equal to the liquid state pressure of said second 
process fluid. 



25 



14. A method for drying wafers according to claim 1 1, said displacing said first process 
fluid in said container with said second process fluid in said liquid state comprising 
admitting additional said second process fluid in said liquid state into said container 
through a vertically downwardly extending container inlet tube and exhausting said first 
said process fluid from said container through a said container outlet tube, said tubes 
30 terminating inside said container and near the bottom of said container. 
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15. A method for dry ,„ g wafers according t0 claim , , , said elevating said second process 
tad ,o a supercritica, satc comprising applyi „ g ^ ^ ^ ^ ^ ^ 

a heat exchanger within said pressure vessel. 

16. A method for drying wafers according ,„ claim , said ^ ^ ^ 
pressure vessel ,„ a.hien, pressure comprising ^ ^ 

purge hnc a, ,he top of satd pressnre vesse, by operation of an associated valve. 

1 7. A method for drying wafers according to claim 1 6, said reducing pressure in said 

pressure vessel to ambient Dressure fi.rthAr ^™ • • ■ 

Dient pressure further comprising keeping the temperature of said 

second process fluid above its critical temperature. 

18. A method for drying wafers according to claim 1 1, said pressure vessel including an 
tntemal heat exchanger connected to external heating and cooling sources, said cooling 
said second process fluid to be,ow supercritical temperature comprising operating said heat 
exchanger m a cooling mode. 
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